Yellowtail meat containing 0 (control), 1% and 2% NaCl weas boiled and stored at 0 C, and changes in 4-hydroxyhexenal (HHE) and malon aldehyde (MA) contents were analyzed after 0, 1, 2, and 3 d. The HHE contents in all samples increased significantly after 3 d. The MA contents in the NaCl-containing samples were significantly higher than those in the control after storage.
Lipid peroxidation is one of the major causes of quality deterioration in meat and meat products. 1) A variety of secondary reactions occurs, and many aldehydes are formed during the lipid peroxidation process. Among these aldehydes, 4-hydroxy-2-alkenals are of particular interest because they have been reported to elicit a variety of powerful biological activities, such as inhibition of enzymes, chemotactic activity toward neutrophils, and inhibition of protein synthesis. [2] [3] [4] [5] [6] [7] [8] Among 4-hydroxy-2-alkenals, although the mechanism by which it is generated is not yet fully understood, 4-hydroxy-2-hexenal (HHE) is the major aldehyde formed during peroxidation of n-3 polyunsaturated fatty acids. 4) Because there is a large amount of n-3 unsaturated fatty acids in fish meats, HHE can be a reliable marker in assessing the quality of fish meats. We have reported that HHE is present in fish meats, 9) and that the HHE contents in surimi products can be a reliable marker in assessing the quality. 10) Sodium chloride (NaCl) is added to muscle foods for a variety of purposes, including flavor and inhibition of microorganisms, but the addition of NaCl has been reported to accelerate lipid oxidation in a variety of meats, including fish meats, 11, 12) and it has been reported to suppress HHE formation in yellowtail meat. 13) Cooking is the mostu common technology in meat preparation. High temperatures during cooking lead to dramatic increases in lipid oxidation in muscle, 14) but it is uncertain whether cooking yellowtail meat containing NaCl affects the formation mechanism of HHE. Hence, we investigated the effects of boiling, a commonly used cooking method, on HHE formation in yellowtail meat containing NaCl. We also analyzed cooking yields, water contents, and malonaldehyde (MA) in these samples.
HHE was synthesized by the method of Sugamoto et al. 15) and confirmed on the basis of 1 H-NMR and 13 C-NMR spectra. Butyl hydroxy toluene (BHT) was obtained from Tokyo Kasei (Tokyo), NaCl (analytical grade) and 2,4-dinitrophenylhydrazine (DPNH) from Wako Pure Chemicals (Tokyo), and 1,3-diethyl-2-thiobarbituric acid (DETBA) from Aldrich Chemicals (Milwaukee, WI). Other reagents were of analytical grade. Yellowtail was obtained from a local market and was brought to our laboratory refrigerated. The visible fatty tissue was removed, cut into small pieces, and minced in a food processor for 2 min. The minced muscle was divided into three portions, each weighing 100 g. NaCl was added to two portions to prepare 1.0 and 2.0% samples. Each sample was mixed well in the food processor for 1 min. A total of 15 samples, each weighing 5 g, was prepared for the control, 1% NaCl, and 2% NaCl samples. The HHE and MA contents in four samples in each group before boiling were analyzed. Five g each of remaining samples in each group were boiled in water (100 C) for 5 min. The samples were weighed before and after boiling and the percentage cooking loss was calculated by the following equation:
%Cooking loss ¼ ðBefore boiling weight À After boiling weightÞ =Before boiling weight Â 100
After they cooled down to room temperature, the samples were wrapped in plastic wrapping papers followed by aluminum foils, and stored at 0 C to be y To whom correspondence should be addressed. Tel: +81-985-58-7230; Fax: +81-985-58-2884; E-mail: sakaihhe@cc.miyazaki-u.ac.jp Abbreviations: HHE, 4-hydroxyhexenal; MA, malon aldehyde; DNPH, 2.4-dinitrophenylhydrazine; DETBA, 1,3-diethyl-2-thiobarbituric acid; PUFAS, poly-unsaturated fatty acids analyzed on day 1, 2 and 3 for HHE and MA contents. The contents in the boiled products were calculated based on an initial 1 g of raw product and allowing for weight lost during cooking. The HHE-DNPH derivative was analyzed by the HPLC method reported by Sakai et al., 9) under the following analytical conditions: column, Ultrasphere C18 (25 cm Â 4:6 mm i.d., Beckman, Fullerton, CA); mobile phase, 30 mM sodium citrate/27.7 mM acetate buffer (pH ¼ 4:75):methanol = 35:65; flow rate, 1 ml/min; detection wavelength, 365 nm. 1,3-Diethyl-2-thiobarbituric acid (DETBA) was obtained from Aldrich Chemicals. The chemical reaction between DETBA and MA was conducted by the method of Sakai et al., 16) under the following conditions: column, Inertsil ODS (particle size of 5 mm, 250 Â 4:6 mm i.d., GL Sciences, Tokyo); mobile phase, acetonitrile:0.1 M sodium chloride (75:25, v/v); flow rate, l.0 ml/min.; and detection, excitation and emission at 515 nm and 555 nm. All data were expressed as the mean AE SE and analyzed by Duncan multiple range tests. 17) We have studied the effects of NaCl on HNE formation in boiled pork containing 1% and 2% NaCl. 18) To compare results, we used NaCl concentrations of 1% and 2% in this experiment. Table 1 shows the cooking losses in boiled yellowtail. The cooking loss in yellowtail containing 2% NaCl was significantly lower than in that containing 1% NaCl and in the control and the loss in that containing 1% NaCl was significantly lower than that in control. The addition of NaCl is known to improve the binding and water-holding properties of meat products. It has been reported that the cooking loss in pork containing 2% NaCl was significantly lower than in that containing 1% NaCl and in a control.
18) The present results are similar to the result. Table 2 shows the water contents of the raw and boiled samples. In each group, no significant difference was observed between the raw and the boiled sample. In addition, no significant difference was observed between the boiled samples. NaCl addition and boiling apparently did not affect the results for HHE and MA contents in the samples. Table 3 shows the changes in the HHE and MA contents of yellowtail samples containing 0%, 1%, and 2% NaCl. The HHE contents of all samples did not change before and after boiling. In all the samples, the HHE content significantly increased throughout the storage period. No significant difference was observed among the samples. In contrast to the case of raw meat, 13) the addition of NaCl might not have affected HHE formation in boiled yellowtail. The MA contents in NaCl-containing samples were significantly higher than in the control after the storage period. Similar to raw meat, 13) NaCl may act as a pro-oxidant in boiled yellowtail. Since the MA contents of the yellowtail samples decreased after boiling, boiling might have suppressed lipid peroxidation in these samples, but, Weber et al. 19) reported that boiling accelerated lipid oxidation in silver catfish (Rhamdia quelen) fillets. Based on these results, it is uncertain whether boiling accelerates lipid peroxidation in fish meat products.
We have reported that the addition of NaCl may suppress HHE formation in yellowtail meat stored at 0 C, 13) but that the addition of NaCl can accelerate the formation of 4-hydroxy-2-nonenal (HNE) which is the major aldehyde formed during the peroxidation of n-6 polyunsaturated fatty acids, 4) in pork stored at 0 C. 20) In contrast to the present results, the addition of NaCl suppressed HNE formation in boiled pork.
18) The formation mechanism of HHE in fish muscle is very complicated, 9, 13, [21] [22] [23] [24] [25] and is different from that of HNE in pork. Father studies are necessary to elucidate the formation mechanisms of HHE and HNE in meat products.
